data (curve 4) under the same reaction conditions. Note that the data converge at large thickness or diameter, suggesting that the calculations of the LSM surface areas, based on ideal geometry of the layers, are not significantly in error. Furthermore, the hydrogenation of ethylene (C2H4 + H2 -_ C2H6) on the Ni LSMs showed no thickness dependence of the specific rate, in agreement with observations made with traditional supported clusters. These results imply that only one dimension need be in the nanometer scale to produce the size effects. The LSM layer thickness is the relevant parameter. Since the surface-tovolume ratio in the LSMs is orders of magnitude smaller and the number of connected Ni atoms is orders of magnitude larger than in traditional supported catalysts, that ratio or number cannot be the source of the size effects.
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The origin of the size effects must be sought in explanations that are independent of the total number of connected atoms in the metal but are dependent on the configuration of the atoms in at least one nanometer-scale dimension. Two possible explanations can be proposed, although neither can be proven at this time.
One is the result of a support effect, because the metal support contact area parallel to the nanoscale dimension is essentially the same in both LSM edges and clusters. It is known that Ni and SiO2 do not mix in the bulk, but even if that occurs on the nanometer scale in the LSMs the same effect would be present in the clusters due to similar postpreparation processing. The stoichiometry of the silica layers is not known since SiO, may be present in the vapor-deposited layer. However, if that stoichiometric variation is the origin of the support effect, it must be present also in the cluster supports, which are prepared in a very different manner. Alternatively, the cluster and LSM surface structures could be the same. Because it is unlikely that the minimum free energy surface structure of the supported cluster matches that of the minimum free energy surface structure of the LSM edge, the LSM result suggests that neither are equilibrium structures, thus excluding those derived from the model potentials for unsupported clusters with a specific total number of atoms in them. Recent calculations of the structure of smaller unsupported clusters, made with the use of metal interaction potentials more appropriate to metals, also suggest that the surface structures in real systems could be significantly different from those previously calculated (6, 7) . Limited studies of supported cluster catalyst topography with tunneling microscopy further suggest that very nonideal structures are present (8) . Al From biology to tribology, prominent interfacial processes involve polymers. With regard to surface mobility, the sharp inconsistency between theory and experiment emphasizes the prominence of some kind of trapped state in this problem (1) (2) (3) . In this report, we are concerned with the dynamics of molten polymer of thickness comparable to the radius of gyration; other examples of unexpectedly slow surface mobility concern the spreading of polymer melts (4) and the adsorption-desorption dynamics of polymers in solution (5) . Theoretical studies of the confining forces needed to maintain thin polymer films show that essentially zero force is required at equilibrium (6) down to a film thickness of two to three segment dimensions (7) . Experimentally, strong repulsion is observed starting when the films are significantly thicker, several times the unperturbed radius of gyration (8) (9) (10) . Dynamic experiments also indicate a slowing down of near-surface dynamics (11, 12 sues raised are clearly relevant to many diverse physical phenomena, especially polymer-filler interactions in rubbers and composites (13) , polymer adhesives, lubrication, and problems concerning the wall boundary conditions for transport during polymer processing (14) . We report on the linear viscoelasticity of thin polymer films. The significance of linear response (obtained with shear amplitudes <2 A) is that measurement did not perturb the film structure. A remarkable transition was seen with diminishing film thickness. At a thickness less than five to six times the unperturbed radius of gyration (5 to 6 RC), the viscoelastic behavior crosses from viscous relaxation, which is characteristic of single chains in the bulk liquid, to a predominantly elastic and rubber-like response. This latter response indicates enhanced steric constraints on motion, which may be construed as enhanced entanglement interactions.
The experimental approach has been reported elsewhere (15, 16) . In brief, the polymer fluids were confined between atomically smooth, step-free single crystals of muscovite mica that were configured as parallel plates and that were surrounded by a droplet reservoir. To measure shear (19) one expects that the molecular weight between entanglements is Me 12,000 g mol` (20) , SO that chains of the length studied here would be too short to be entangled in the bulk.
The normal pressures required to squeeze films of polymer B (65 skeletal bonds) to a specified thickness are shown in Fig. 1 (21) . These data suggest two immediate conclusions. First, long-range repulsion in these squeezed polymer films was kinetically stable over the long time scales studied. This result decisively corroborates earlier measurements taken with shorter equilibration times (8) (9) (10) . It suggests interpretation of P. (D) in terms of the energy to squeeze a fixed adsorbance of tethered polymer. Second, from the slope of the data in Fig. 1 Log(X) (rad s-l) On physical grounds, one expects a region of polymer segments near the solid surfaces to have slower mobility, making the rheological film thickness somewhat less than the mica-mica separation (8) (9) (10) (11) We consider first a film thickness just at the point of onset of static forces in the normal direction. In Fig. 3, G' Fig. 3 resembles the conventional viscoelastic behavior of high molecular weight polymer fluids at the transition between terminal and plateau zones (13) .
As the films were made thinner, their elastic shear response became stronger and the frequency where G'(w) and G"(w) split moved to progressively lower frequencies. In Fig. 4 , G'(w) and G"(w) of a film 42 1 A thick (3.2 R0) are plotted against w on logarithmic axes. We note that: (i) the moduli showed minimal dependence on the frequency of deformation, (ii) G'(w) exceeded G"(w) by nearly an order of magnitude, and (iii) G'(w)~0.3 MPa. Over the range of film thickness from 30 to 40 A, changes in G' (w) were not detected.
These features would also be typical of a cross-linked or highly entangled rubber in the bulk (13) . The M (from Fig. 1) What of the dependence on chain length? Experiments with polymer A showed that at D < 4 R0, G'(w) reached the same limiting value as was observed for polymer B at the same film thickness. The generality of the effects described above was thus confirmed.
These are the central experimental results. Let us now restate the problem to be explained. The low compressibility of confined polymer melts has been discussed previously (1) but strong shear elastic forces are a qualitatively new phenomenon.
Should one suppose that polymer molecules in this narrow gap actually bridged the two solid surfaces, becoming physically attached to both at once? This structure would produce elasticity in a fashion analogous to the effect of cross-links in a bulk rubber (22) . Simple calculations suggest, however, that the density of bridging would not be high enough to explain the observed magnitudes of elasticity.
What we believe to be a more likely mechanism comes from an analogy with bulk polymers. Uncross-linked, linear polymers of sufficiently high molecular weight also characteristically exhibit a zone on the frequency scale of relatively slow relaxation, where the magnitude of the elasticity is similar to the levels of G' measured here (13) . The phenomenon is believed to reflect caging effects, SCIENCE * VOL. 258 * 20 NOVEMBER 1992 traditionally referred to as entanglements; polymer chains, as they diffuse, can slide by one another but cannot cut across one another, and chain motions become highly correlated (23, 24) . Similarly, in the system studied here, chains tethered to one surface may be blocked in their motion, over the experimental frequency range, because they cannot cut across other polymer chains that are tethered to the opposing surface. We suggest tentatively that the elastic effects observed here can usefully be viewed as entanglement phenomena-although the chains are too short to be entangled in the bulk.
The motions and relaxations indicated here are thus qualitatively different from those that would characterize the bulk polymer. The frequency-dependent shear forces show the emergence, in these thin films, of a strong elastic component that appeared to reach a limiting value typical of entangled or cross-linked chains in the bulk. The view that entanglement interactions are enhanced in a restricted geometry finds theoretical support (24) . These observations have evident bearing on understanding a variety of physical situations where conforming surfaces separated by molten polymers come into close contact-especially adhesion, spreading, static friction, and lubrication. NOVEMBER 1992 entity. Nevertheless, the ultraviolet absorption spectrum (13) of CIONO2 shows two overlapping and structureless absorption features that are reminiscent of absorptions in the two chromophores that make up the molecule. The feature with a peak near 215 nm may correspond to an n --a* transition localized on the CIO moiety (2), whereas the rise near 190 nm may correspond to a wr 7r* transition on the NO2 group (14) .
Within the confines of this simple picture, each of two wavelengths available with an excimer laser, 248 and 193 nm, should excite one of the respective transitions.
We examined the possibility of bondselective photolysis of the CIO chromophore in a molecular beam study of the photodissociation of CIONO2 at 248 and 193 nm. With the use of molecular beam methods, we could directly detect the photofragments, identify primary and secondary dissociation channels, and quantitatively determine the relative product yields. We detected both CIO and Cl photoproducts (but not CIONO), and we determined the relative yields of these two products by calibrating the detector sensitivity for CIO and Cl with a C12O photolysis experiment at 308 nm.
Our experiment utilized the technique of photofragment translational energy spectroscopy (16) and was performed with a universal crossed molecular beams machine (17) in which a pulsed excimer laser beam was substituted for one of the molecular beams (Fig. 1) . The laser beam was focused to a spot size of -0.1 cm2 where it crossed a molecular beam. The laser fluence was varied over one order of magnitude to check for a power dependence of the various signals observed. Only photoproducts that recoil away from the molecular beam direction can be detected by the mass spectrometer detector, which can be rotated about the molecular beam-laser interaction zone. The distance from the interaction 
